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66 The Journal of Thoracic and Cardiobjective: Fat embolization to the brain is a potential problem in cardiac surgery,
ssumed to originate from retransfused pericardial suction blood. Our aim was to
easure the fat content in pericardial suction blood and to determine how it can be
educed by simple spontaneous density separation and surface absorption.
ethods: Pericardial suction blood was collected during routine coronary bypass
rocedures and analyzed for blood-suspended fat and plastic surface binding. A
ingle-chamber bag (n  10) was compared with a fat-reducing system having a
tacked 2-chamber design (n  10). The fat-reducing system was also tested
xperimentally (n  12) with heat-extracted liquid wound fat (1.25%) mixed with
ediastinal drain blood.
esults: Pericardial suction blood contained 1.5 mL (0.63/2.19) of fat suspended in
18 mL (269/631) of blood (median and quartiles). Surface-bound fat accounted for
4% (12/35). Experimental analysis of the new system revealed an 83% (71/92)
at-reduction rate (P  .001). This rate was confirmed under clinical conditions,
uggesting 80% reduction (72/86; P  .001). The fat-reducing system also gave a
mall but significant red blood cell concentrating effect (P  .001).
onclusions: It was confirmed that pericardial suction blood contains fat, possibly
aving an embolic potential. The new system allowed fat to separate by density
hile pericardial suction blood was temporally retained and incubated. A significant
ortion of fat adheres to the plastic surface, which added to the reduction. The
ethod appeared efficient. It is proposed that pericardial suction blood should be
ollected during surgery to evaluate the need for retransfusion and to allow fat
eduction.
rain damage remains a vexing problem in cardiac surgery.1 The reported
incidence of stroke is about 4 % for coronary artery bypass graft (CABG)
procedures.2 It is suggested that aortic manipulation contributes to stroke, in
articular if the ascending aorta is found to be atherosclerotic. However, stroke (type
injury) is rare in comparison with type II injury, which denotes deterioration in
ntellectual and cognitive functions without signs of focal lesions.3 Type II injury,
ere described as diffuse brain damage (DBD), has been reported to occur in more
han 50% of patients at discharge after CABG surgery.3 Although frequent and
herefore assumed easy to investigate, DBD is multifactorial and difficult to define.4
icroembolization of wound-fat particles is a possible DBD mechanism. Fat
ccumulates on the surface of blood in the pericardial cavity and is retrieved in
ericardial suction blood (PSB). With the routine use of cardiopulmonary bypass
CPB), PSB is continuously recycled after passing a screen filter. PSB mixes with
ystemic blood in the venous reservoir and is expelled into the ascending aorta and
rain circulation. This type of embolic process was identified years ago5 but later
vascular Surgery ● August 2007
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Peglected until more recent studies reported fat deposits in
rain vessels, described as “small capillary and arteriolar
ilations” (SCADs).6 A clear relation between the appear-
nce of SCADs and PSB retransfusion has been described in
nimal experiments.7 Further, the in vitro capillary flow
roperties of PSB plasma have been found to be severely
mpaired, with fat contamination as a suggested mecha-
ism.8 It was also demonstrated that SCADs were signifi-
antly reduced when PSB was processed by washing with a
ell salvage device.9
The present study aimed to evaluate the dynamics of fat
ehavior in blood during incubation. A simple and alterna-
ive fat-reducing system (FRS), which was tested experi-
entally and clinically, is proposed from these findings.
atients and Methods
atients
he study had approval from the local ethics committee, and
atients signed a written consent form. For the clinical part,
nvolving elective first-time CABG procedures, PSB was collected
n a single-chamber bag (n  10) or processed in a specially
esigned bag (eg, FRS, n  10). For the experimental part,
iscarded pericardial fat and postoperative mediastinal blood were
ollected from patients having routine cardiac surgery (n 24 for 12
xperiments; see Table 1).
urgery, Anesthesia, and CPB
he CPB prime solution contained 1.1 L Ringer acetate, 60 g
annitol, and 160 mmol NaCl. Heparin was added to obtain an
ctivated clotting time exceeding 480 seconds. CPB included an
ntegrated venous/cardiotomy hard-shell reservoir (Affinity NT;
edtronic, Tolochenaz, Switzerland). Cold antegrade crystalloid
ardioplegic solution was given (St Thomas Hospital-II), and CPB
sed moderate hypothermia, acid–base alpha-stat regimen, and
ow rate to maintain a venous saturation above 70%. The CABG
rocedures followed routine surgical guidelines and included use
f a side-biting clamp. Anesthesia included fentanyl, midazolam,
ropofol, pancuronium, and inhaled isoflurane.
ingle-chamber Bag Used for Blood Collection
single-chamber bag was used to measure the volume of PSB and
ts fat content, as reference to the FRS, and consisted of an empty
-L infusion bag (No 9315; Fresenius Kabi AB, Uppsala, Sweden).
Abbreviations and Acronyms
CABG  coronary artery bypass graft
CPB  cardiopulmonary bypass
DBD  diffuse brain damage
FRS  fat-reducing system
PSB  pericardial suction blood
SCADs small capillary and arteriolar dilationshe bag was inserted distal to the pump along the PSB cardiotomy c
The Journal of Thoracicuction line. Air escaped the bag via a vent to the cardiotomy
eservoir.
escription of the FRS
he FRS was in principle a soft-shell reservoir built around a
-inch tube (Figure 1).10 The FRS had intersecting welds creating
wo stacked compartments, with a top chamber for blood collec-
ion and a bottom chamber mainly for blood storage, both of
50-mL volume capacity. The chambers were separated by a
ater-lock mechanism. Fat separated from blood during incuba-
ion by density and in addition by surface adsorption to the plastic
alls.11,12 The top fraction of fat-concentrated blood (21.4 mL)
as automatically retained by the water-lock at drainage. The
eservoir and tubing were of uncoated standard-type polyvinyl-
hloride materials, identical to that of the Polystan SAFE II Soft-
hell Venous Reservoir (Polystan A/S, Denmark/Maquet AG,
ermany).
The FRS was identically interpositioned within the PSB suction
ine as described for the single-chamber bag. Air escaped the FRS
y a vent line, which also served as an escape route in the event of
lood overfilling. In case of profound bleeding, the FRS worked
ith through-flow if clamps were released. A minimum 10-minute
ncubation was allowed in the top and bottom chambers, according
o previous findings.11 At clamp release the PSB entered the
ABLE 1. Patient demographics and surgical data
Clinical study
(n  20)
Experimental blood/
fat (n  24)
Median Q25/Q75 Median Q25/Q75
ex (male %) 95 79
ge (y) 61.5 56.1/66.5 70.6 61.2/75.4
ength (cm) 174 170/178 175 169/178
eight (kg) 83 73/89 76 72/94
ody surface area (m2) 1.96 1.87/2.09 1.93 1.86/2.14
YHA (I/1–5/IV) 3 3/4 3 3/4
uroSCORE () 2 1/3 4 3/6
essel disease (1–3) 3 2/3 3 3/3
eft ventricular function
(good/1–3/bad)
1 1/2 1 1/2
nastomosis (n) 3 3/4 4 3/5
urgery time (min) 152 128/196 189 152/230
PB time (min) 61 54/91 82 68/105
ortic crossclamp time
(min)
35 27/44 43 33/71
owest CPB
temperature (°C)
34.0 33.7/34.0 33.7 33.3/34.0
urgical bleeding (mL) 325 300/425 400 300/500
llogeneic blood
transfusion
(U/patient)
2 1/3 4 3/6
ength of stay (d) 8 7/9 8 8/9
xperimental fat/blood refers to patient from whom pericardial fat tissue
nd mediastinal blood was collected. Experimental group also contained
on–coronary artery bypass graft procedures. NYHA, New York Heart
ssociation score (I-II-IIIA-IIIB-IV); CPB, cardiopulmonary bypass.ardiotomy reservoir by hydrostatic drainage.
and Cardiovascular Surgery ● Volume 134, Number 2 367
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CSP
linical Study, Protocol of PSB Sampling,
nd Recovery of Bags
he PSB suction was managed on the surgeon’s request. PSB was
ere retained, which departed from our normal routine of contin-
ous recycling. Blood from aortic venting was not pooled with
SB. In the single-chamber experiments, PSB was collected in one
ortion and retransfused before CPB weaning. At this point, a
5-mL blood sample was drawn after thorough mixing of the bag.
enous return blood was sampled simultaneously. After surgery,
he empty bag was saved for further analysis (see below). The FRS
xperiments had a more complex ambition with a conflict between
ixing of blood to receive a representative blood sample and the
ecessity to allow spontaneous fat separation. Five 15-mL blood
amples were collected. The initial sampling was from the top
igure 1. Schematic drawing of the fat-reducing system
rototype.hamber and drawn immediately before its drainage into the bot- g
68 The Journal of Thoracic and Cardiovascular Surgery ● Auguom chamber. This sample was aspirated from the FRS vent port
referred to as “top-chamber input”). The aspiration made the bag
ollapse, and the sample was a mixture of blood from outside and
nside the water-lock. Mixing of blood inside the FRS was not
equired with this sampling technique. Venous return blood was
imultaneously collected (venous control). FRS output blood was
ampled just before PSB retransfusion, being subdivided into an
nitial PSB output and blood assumed to be retained inside the
ottom chamber (bottom-chamber “output” and “retained”). In the
vent of more than one cycle of PSB filling and emptying, blood
as collected from the first passage only, with extrapolation for
ny additional volumes. The FRS was recovered after use, and
SB retained by the water-lock was aspirated (“top chamber
etained”).
at Measurement
at was measured metrically.10 In brief, standard 150-mm Pasteur
ipettes were used as centrifugation tubes. The wide end of the
ipette was sealed with silicone rubber and left to harden. While
eld upside down, blood was loaded through the seal using a
eedle and positioned the same way in a modified swing-out rotor
entrifuge (4K15; Sigma Laborzentrifugen GmbH, Osterode-
m-Harz, Germany). At 2000g, 10 minutes, and 22°C, fat accu-
ulated in the tapered tip of the pipette, which amplified its
olume in relation to its wide barrel with plasma and blood cells.
ipettes (S/N 110601; Tamro MedLab, Mölndal, Sweden) of the
ame lot number were calibrated for volume–versus–distance and
xpressed in three linked equations considering the narrow conical
ip, cone, and barrel, respectively. The hematocrit value was also
ecorded.
The measurement of surface-bound fat was designed to avoid
reviously described artifacts10 and was here measured by weight
efore and after detergent washing. A geometrically defined tem-
late was used to cut out 8 sheets from the recovered bags, for the
RS subdivided between the top and bottom chambers. The fat-
oated surface was hydrophobic to blood, although any such
emains were gently absorbed by soft cellulose tissue. The sheets
ere allowed to dry for 24 hours followed by weighing. Adherent
at was removed by scrubbing in water at 38°C with 0.3% added
aboratory detergent (Extra; Rekal AB, Gnesta, Sweden). The
heets were left to redry and were reweighed. The reduction in
eight equaled the amount of bound fat, expressed per area. The
nside surface of the bags, and for FRS the top and bottom
hambers, was geometrically measured to extrapolate the total
mount of plastic-bound fat.
xperimental Study: Laboratory Evaluation of the FRS
he FRS fat separation was experimentally simulated by a defined
lood/fat mixture. Fat was derived from discarded pericardial
issue, removed to gain access to the left internal thoracic artery.
iquid fat was extracted at 200°C for 10 minutes, which simulated
at melting by electrocautery.11 Blood was collected from dis-
arded mediastinal drain containers (Affinity NT/CVR; Medtronic,
olochenaz, Switzerland). Blood was prefiltered through a
00-m screen filter (Mediplast AB, Malmö, Sweden), 10 E/mL
eparin added, and 250 mL was mixed with liquid fat to yield
.25% volume concentration. This concentration was selected to
ain maximum resolution, considering the pipette geometry used
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Por fat measurement, as well as in consideration of the measured
SB–fat concentration from the above single-chamber experi-
ents. Blood was allowed to incubate for 10 minutes in each of the
op and bottom chambers. All experiments were conducted at
2°C. The analysis tested the difference in fat concentration be-
ween the measured input versus output of blood and did not
equire measurement of fat–to–plastic binding. For reference, the
at content in mediastinal drain blood was measured before being
ixed with added fat. Experiments were designed to keep transfer
teps of blood to an absolute minimum, a consistent use of mate-
ials, and applying reproducible and proper mixing procedures of
lood samples.10
tatistical Methods
edian values and quartiles are given throughout. Nonparametric
nalyses were used including the Friedman analysis of variance,
ilcoxon signed rank test, Mann–Whitney U test, and Spearman
ank correlation.
esults
atient Demographics and Surgical Data
he patient cohort showed normal characteristics for routine
ABG procedures. The subdivision of patients into single-
hamber bag or FRS demonstrated no significant differ-
nces (not shown). The recorded waste-suction bleeding
as 325 mL (maximum 700 mL). None of the patients
equired allogeneic blood during surgery. The median
ransfusion requirement during hospitalization was 2 units
Table 1). The patients from whom pericardial fat tissue and
ostoperative mediastinal blood were collected for experi-
ental purpose included not only those having CABG pro-
edures and showed a somewhat deviant demographic pat-
ern (Table 1).
linical PSB Data
able 2 shows PSB-related data subdivided into single-
ABLE 2. PSB-related data, subdivided into single-chambe
Merged (n  20)
Median Q25/Q75
reop Hb (g/L) 143 138/148
reop Hct (%) 42.5 40.0/44.0
inimum systemic Hb, CPB (g/L) 85.0 79.8/94.4
inimum systemic Hct, CPB (%) 26.5 25.0/28.5
SB Hb (g/L) 74.9 60.6/100.3
SB volume (mL) 418 269/631
SB volume vs hemodilution (mL) 314 164/387
SB collection time (min) 64.0 57.3/78.0
at concentration in PSB (%) 0.37 0.20/0.44
at volume in PSB (mL) 1.53 0.63/2.19
SB, Pericardial suction blood; FRS, fat-reducing system; Hb, hemoglobin;
lastic-bound fat. P values refer to Mann–Whitney U test.hamber and FRS and demonstrated no group differences t
The Journal of Thoracicn hemoglobin concentration: preoperatively, systemically
uring surgery, or in PSB. The FRS group contained 1
atient with outlier characteristics (Figure 2). This patient
ad a deviant and substantially higher PSB bleeding of 2.4 L.
hree patients had a PSB volume above 1 L. The described
utlier patient partly affected the recorded data in Table 2
ith respect to PSB characteristics. The recorded PSB fat
olume was identical in the two groups. However, there was
near significant (P  .063) higher concentration of fat
ecorded in the FRS group (Table 2), which was solely due
o a higher amount of plastic-bound fat. With the outlier
xcluded, this difference diminished (P  .113). The PSB
ollection time was of the order of 60 minutes (Table 2). In
he FRS group, 6 of 10 patients had the top chamber drained
nto the bottom chamber for storage and the top chamber
efilled. However, in all but the described outlier patient was
SB returned in one portion at CPB weaning. There were
ffects from hemodilution, comparing the minimum sys-
emic hemoglobin concentration versus its preoperative
alue (P  .001). When PSB was corrected for hemodilu-
ion, the effective PSB bleeding was reduced from 418 mL
o 314 mL (P  .001, Table 2).
SB Fat Characteristics
he fat volume in PSB was 1.5 mL, which corresponded to
concentration of 0.37% (n  20). The concentration
howed no relationship to PSB volume, which was regard-
ess of the outlier patient (Figure 2). However, there was a
ositive correlation between the amount of total fat and PSB
olume, observed also with the outlier omitted (P  .010).
he recorded input PSB fat was the summation of that
easured in blood and plastic-bound fat inside the collect-
ng chamber. Plastic-bound fat was measured for the entire
ingle-chamber bag, whereas for the FRS, only considering
d FRS
Single chamber
(n  10)
P value
FRS (n  10)
edian Q25/Q75 Median Q25/Q75
142 133/146 .353 143 140/149
42.5 40.3/43.8 .853 42.5 40.5/43.8
83.0 81.5/91.5 .912 88.0 79.3/94.8
26.0 25.5/28.2 .999 27.3 25.0/28.8
74.8 61.5/96.9 .971 74.9 57.9/115.3
531 410/871 .166 304 190/554
327 223/466 .190 231 119/353
70.5 60.2/92.3 .218 59.5 53.5/72.0
0.21 0.17/0.37 .063 0.41 0.37/0.50
1.53 0.96/2.09 .971 1.52 0.54/2.31
hematocrit; CPB, cardiopulmonary bypass. Fat in PSB includes fraction ofr an
M
Hct,he top chamber. Plastic-bound fat showed no correlation to
and Cardiovascular Surgery ● Volume 134, Number 2 369
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CSPSB volume (data not shown) and accounted for 24%
12/35) of the total input fat (n  20).
at-reducing Efficacy of FRS in Clinical Study
he behavior of fat inside the FRS thus revealed effects of
ensity separation and plastic binding (Figure 3). Bottom-
hamber blood was reduced in fat by 60% (42/70), as shown
y comparing the output fraction of blood with the average
f the two input samples from the top chamber (P  .001,
igure 3, a). This comparison only considered blood-
uspended fat and not plastic binding. Fat reaching the
ottom chamber continued to separate by density, which
roduced a significantly higher concentration of fat in the
etained upper portion of blood compared with its lower
raction (P  .017). Control venous blood had no recorded
at (Figure 3, a). Plastic-bound fat accounted for a signifi-
antly smaller portion than that contained in blood (P 
017, Figure 3, b). Plastic binding mainly occurred in the top
hamber compared with that measured in the bottom cham-
er (P  .005, Figure 3, b). When both density separation
nd plastic binding were encountered together, the FRS
ave a 73% (69/82) fat reduction. This reduction assumed
hat the upper layer of PSB in the bottom chamber was
etained at drainage. Without this routine the reduction was
6% (59/73), representing a less efficient result (P  .022).
dditional fat was eliminated due to the fact that not all
SB, and therefore fat, passed the FRS. The water-lock
etained 21.4 mL and with an additional 25 mL retained in
he bottom chamber the reduction rate was recalculated to
0% (72/86). The PSB storage also resulted in red cell
edimentation with a concentrating effect (P  .001).
he highest hematocrit value was seen for the bottom-
hamber output blood, a value equal to that of venous
igure 2. Relationship between pericardial suction blood (PSB)
olume and fat concentration. Filled circles denote fat-reducing
ystem and open circles denote single-chamber bag. An outlier is
bvious and is discussed in the text.lood (P  .445). d
70 The Journal of Thoracic and Cardiovascular Surgery ● Auguat-reducing Efficacy of FRS in Experimental Study
ostoperative mediastinal drain blood was mixed with heat-
xtracted liquid pericardial fat. The mediastinal blood had a
ematocrit value of 14.9% (12.4/17.6), numerically but not
ignificantly lower than that recorded for input PSB (P 
093). In 5 of 12 patients, minor concentrations of fat were
ecorded in the mediastinal blood, with a maximum of
.07%. This endogenous fat was disregarded in the mixture
ith added pericardial fat aimed to yield 1.25% and did not
ffect the results. However, this mixture was recorded to
ontain only 1.00% fat, owing to fat-to-plastic binding
nside the mixing container. The FRS efficacy was simply
alculated from the measured input versus output fat con-
entration, not requiring analysis of plastic binding. Blood-
uspended fat was evidently reduced (P  .001, Figure 4),
ith an 83% (71/92) reduction rate encountering the re-
ained volumes of blood in the top and bottom chambers, as
igure 3. Fat-reducing system (FRS) fat distribution during clini-
al evaluation. a, Fat concentration in blood samples drawn from
he following: top chamber during cardiopulmonary bypass, re-
ained blood in top-chamber water-lock, first fraction of bottom-
hamber output blood, retained top-fraction blood in bottom
hamber, and venous control, respectively. b, Pools of fat in FRS
ncluding plastic-bound portions. Indicated P values refer to
roup comparisons by the Friedman nonparametric analysis of
ariance and by the Wilcoxon signed rank test for post hoc
omparison between single blood samples. Median values with
uartiles are shown.escribed above. The upper blood layer in the bottom cham-
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Per (“retained”) was not significantly higher in fat content
ersus the output fraction (P  .480).
iscussion
t is obvious that PSB contains fat, assumed to mainly
onsist of triglycerides.13 The human body does not have
iological mechanisms to rapidly handle nonemulsified fat
f this sort. Fat becomes expelled into the ascending aorta
nd reaches the brain microcirculation within seconds. The
resent study demonstrated a fat volume of 1.5 mL sus-
ended in about 0.4-L PSB. Although it has not been
cientifically demonstrated that fat contributes to DBD, it is
empting to assume such a relationship in view of the
resence of SCADs7 and the found impairment of capillary
ow properties of fat-contaminated PSB plasma.8
Our study demonstrated that fat can be reduced in PSB
uring incubation by simple density separation and surface
dsorption. The suggested FRS had two stacked chambers
ith an intersecting water-lock. The FRS yielded an 80%
at-reduction rate when evaluated clinically, and with a
imilar performance under experimental conditions. The
RS worked as clinically intended, patients tolerated the
etained volume well, and no allogeneic blood was required
uring surgery. The ability to visualize PSB bleeding gave
eedback to the perfusionist and surgeon, a phenomenon
hat may promote blood conservation. The FRS had no
olume restrictions and fat accumulated during repeated
lling.
Washing with a cell salvage device is the gold standard
or fat removal in cardiac surgery9 with a proposed efficacy
f 87%.14 However, an easier method is to discard PSB
lthough this maneuver is counterbalanced by an increased
eed for allogeneic blood. Blood transfusions are associated
ith known risks, exemplified by transfusion errors and
eactions, transmitted virus, or immunomodulation.15,16 An
ntraoperative blood loss exceeding 0.4 L has been sug-
igure 4. Fat-reducing system fat distribution under experimental
onditions. See legend to Figure 3, a, for details.ested to trigger allogeneic transfusion during CABG pro- a
The Journal of Thoracicedures17 and could potentially be affected by discarding
SB. It therefore seems reasonable to suggest that PSB
hould be separated from direct CPB return and instead be
emporarily held to decide strategy for its use, as accom-
lished by the FRS. The proposed system may also serve as
complement to other fat-reducing devices.
The cell salvage device has obvious benefits but is costly
nd cumbersome, which may hamper feasibility. An impor-
ant aspect of the cell salvage device is the removal of
nflammatory mediators contained in plasma.18 On the neg-
tive side, there is loss of possibly important plasma com-
onents. A simpler alternative is a fat-reducing filter within
he PSB suction line. However, such filters have been ques-
ioned because of a limited 40% fat removal, partly owing
o saturation.12,19 Stacked filters may improve the efficacy,
s suggested by Kaza and coworkers,20 with additive effects
rom the integrated cardiotomy–reservoir filter. Conversely,
lters may trigger complement activation in drain blood.21
t is difficult to compare the results of previous reports
wing to their variability in used fat-quantifying methods,
xemplified by semiquantitative recordings versus the
ounting of fat globules only.14,20 Our study used a metric
entrifugation technique. Of major importance is how blood
amples are collected, mixed, and handled, as fat separates
ast in blood, and how fat globules disperse or merge during
hese procedures.10 Plastic binding must also be consid-
red.10 The experimental part herein was designed to mimic
he clinical situation. Heat-extracted pericardial fat was used
o resemble electrocautery melting and mixed with medias-
inal drain blood. Our study confirmed that fat adheres to
lastic surfaces. This suggests that the cardiotomy reservoir
ndeed participates in fat reduction. Jewell and coworkers14
roposed a 45% fat reduction by this mechanism. This
henomenon was here demonstrated by a 24% binding of
nput fat to plastic walls. A similar percentage was observed
xperimentally during blood–fat mixing in a plastic con-
ainer. Thus, with the FRS connected in series with a routine
ardiotomy reservoir, a higher fat-reducing efficiency can
e anticipated than that actually measured. Recalculated
rom the study of Jewell and coworkers,14 it is possible that
hese combined mechanisms will provide the FRS with a
ear 90% fat reduction before PSB enters the venous res-
rvoir. Means to further improve the FRS performance may
nclude an increased area for fat binding and use of tem-
erature modulation.10,11
This study is limited from not studying the outcome in
atients and the possible benefits of fat reduction in terms of
BD. However, such an ambition would require a substan-
ially larger number of observations and is further compli-
ated by the multifactorial nature of DBD. The present
tudy aimed at describing the presence of fat in PSB only,
nd how fat can be reduced by simple means. The mecha-
and Cardiovascular Surgery ● Volume 134, Number 2 371
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CSPism by which some fat escapes the FRS and the charac-
eristics of this particular fat remain to be investigated.
In conclusion, PSB contains fat, although its clinical
elevance remains to be elucidated. It is here suggested that
SB should be collected to allow decision making regarding
ts use. The proposed FRS was meant to provide this fea-
ibly, while at the same time offering an effective fat
eduction nearly comparable with that of a cell salvage
evice.
We are grateful to Mrs Berith Lundström for skilled laboratory
ssistance and to Dr Michael Haney for comments on language.
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